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人眼 ERP(Early Receptor Potential)の臨床的研究
第17報 2色型色党異 における ERP 
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Studies on the eariy receptor potential in the human eye 
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ABSTRACT 
Deρartηzent 01 Oththalmolog)'， Koc!ti lvIedica/ Sc!tool 
Nankol?Zt 781-51， Japan 
The human spectrally selectiv日経ashearly receptor potential (ERP) is gen巴ratedin the 
outer s告gmentsof th邑 recl-，gre記1-and blue-sensitiv巴 conesand is closely couplecl wi th the 
r日spectivevisual pigme11ts -erythrolabe， chloroJabe and cyanolalコeunder the experimental 
conditions hereinafter. The spectrally seiective flash ERP was studied in 12 dichromats : 6 
protanopes (12 eyes) and 6 deuteranop邑s(12 eyes) . Color filtεrs us己主1¥V巴re(1) a r巴dKodak 
Wratt巴nfilter No. 23A (transmission of wavelengths above 570 nm) 10r・th邑 redflash ERP; (2) 
a green Wratten filter No. 57 (transmission from 460 to 620 nm with maximum at 530 nm) for 
the gr邑enflash ERP; and (3) a blue Wratt巴1fil ter No. 47 (transmissio日 fom380 to 520 11m with 
peak at 440 11m) for the blu巴flashERP. The ERP amplitude was m巴呂SU1・edfrom the p邑akof 
the initial cornea-positive phase (Rl) to th色peakof th告latercor11ea-11egative phas巴(R2).
Mean ampli tudes of the rεd flash ERP and green flash ERP w邑E巴highlysignificantly decreased 
in thεproI2nopes (p<O.OOl) and dεuteranopεs (P<O.Ol) as compared with the corresponding 
data in 10 normal subjεcts (20 ey邑邑). The m邑anamplitucle of the blue flassh ERP w呂ssigni個
五cantlyアlowerthan normal (p<O.OOl) in the deuteranopes. 
ぐrh己meanratio of the blue flash ERP amplitude to the rεd flash ERP amplitucle showεcl a 
highly significantly increase in the protanopes (p<O.OOl) and a highly significant clecrease in 
th巴deuteranopes(p <0.001) compared with the m邑anratio in th巴normalsubjects， indicating 
a new， useful ind色xfor the objectiv母clinicald色士号ctionof congεnital red伊greencolor cl邑fects.
(Accεpt吋 onOctob巴r3， 1986) 
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色党呉?;:のメカニズム{主主主総であるが， 2色Ii1色Jl てパー マロイ絞(1'/さ約2mm)
異常者においては 3磁の鍛体感)む色ぷのうちお11-o
J!異常 protanでは red-s巴nsitivecone (以下 red
cone)外出qJの red同sensitivepigmentである ery-
throlabe， 'XS 2色党81'Jなdeutanでは greensensi-









今1m，rお1色行 protanopia，'Xi 2 Bi守deutera-
nopia を対象に，下記実験条件ドではSfí~ 体お111臼外ぬ
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;民戸潟:の KingCRT Camera (M7お50ω〉により3掠止f影4をj行了つ
lこ努めfこ.




ば 630Vで， I):J光時間 (1/3)¥:;n¥力 (h))で約 0.18
msec (発光fI年1m約 0.7msec) ， WJ光ピー クfI年!日J90 
μsec， xenon Ji文屯ゲ1:より 27cmのITri!j!Eiこての pho時
todiode (Sharp SBC-541)をjlJいての測定で，ピー
ク1I年のft{U'1511200kLxの効ネのよい1文屯9)をj;}tこ.




緑色|又]光 ERPJTJには No. 57 (460~620 nm， 530 
nmで法大)， !'1i.立以j光 ERPFIlには No.47 (380~ 
520 nm， 440 nmで政大〉のむフィルターをmいた
(Table 1). この段フィノレターのf1~'i li'，J 4!Htを Fig. 1 
Table 1. Color filters used for the spectrally 
selective flash ERP 
Kodak Wratten Characteristics of Color filter wavelength 
Iミed NO.23A Transmission 
above 570 nm 
Green NO.57 460 to 620nm 
(Maximum at 530 nm) 
Blue NO.47 380 to 520 nm 
(Peal王at440 nm) 
た iこ示した.Jo氾 photodiod巴を月九、て xenonJ氏屯り
関屯械には.'1-f:8l三裂の ERG)[] Riggs :bi1fな!民自会 より 27cmの距郊にての測定で，ピー クfI寺の照度{ま赤





屯製の脳波月]{iN設f出訟をよflい， ]IJ;j創立問fl¥J郊に，役者 主j色出光の)1民!と ERPをお等したが，各シリーズにお
は耳裂にf主将i泌を介してセットした. いて初@I:)凶iljì)~'こ応ずる ERP 波形を観察波形として
光刺激渋 lt~には向社袋の ERPHJ光刺激装iδ(AAA 尊重;した.f言返性の確認!こは2分後の ERP波形をも
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Fig. 1. Time characteristics of the stimulating lights 
Measurement was made at a distance of 27 cm from the xenon discharge 
tube by using a photodiode (SBC-541). 
Discharge energy : 80 joules (condens巴rend piece voltage : 630 V; 
condenser volume : 400μF). Peak illumination : 333302.4 kLx (red); 















Table 2. Age distribution of the subject 
patients with dichromatism and 
normal controls 
No.of No.of Age 
subjects eyes (years) 
Protanopes 6 12 9-24(14.2勺
Deuteranopes 6 12 6-29(13.3) 
Normal controls 10 20 9-29(14.8) 
本 Average




















の振憾の低下を示した (Table3， Fig. 3) . 
最近田辺ら臼)(ま， protanopeとprotanomalを合
む 9 :1;の protan 症例で ERP.Rz の平均振幅は 500~
600の長波長域において，










Fig. 2. Spectrally selective flash ERP findings of a 12-year-old male patient with 
protanopia and of a 14-year…old male normal subject 
A : Red flash ERP. B: Green flash ERP . C: Blue flash ERP. 
Table 3. Changes of the mean amplitudes (μV) of the spectrally selective flash 
ERP in the normal controls and subject patients with protanopia 
Bluejred 
Red flash ERP Green flash ERP Blue flash ERP amplitude 
ratio料 Z
Noraml controls 46.9土8.0(3.6)* 112.8土14.3(6.4) 53.9:t 9.4(4.2) 1.2土0.2(0.1)(20 eyes) 
Protanopes (12 eyes) 25.0土8.8(5.1) 107.7土27.1(15.6) 51.1土15.2(8.8) 2.2こと0.8(0.5)
ts p<O.OOl 
ts : significance of the difference by t test 
* Mean:tSD (2SE) 
n.s. n.s. p<O.OOl 
n.s.: not significant (P<0.05) 
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Fig.3. Comparison of the mean amplitudes (μV) of the spectrally selective 
fiash ERP between the normal controls and subject patients with dichromatism 
Each p value was obtained in comparing the patients to normal controls. 
Norm臼1 Deuter口nope











Fig. 4. Spectrally selective fiash ERP findings of a 6-year…old male patient with 
deuteranopia and of a 9-year-old male normal subject 
A : Red fiash ERP . B: Green fiash ERP . C: B lue fiash ERP. 
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Table 4. Changes of the mean ampli tudes (μV) of the spectrally selective fiash 
ERP in the normal controls and subject patients with deuteranopia 
Red fiash ERP Green fiash ERP Blue fiash ERP 
Normal controls 46.9土8.0(3.6)* 112.8土14.3(6.4) 53.9土9.4(4.2) 1.2土0.2(0.1)(20 eyes) 
Deuteranopes (12 eyes) 52.7土15.6(9.0) 87.1土40.1(23.2) 43.5土4.8(2.8) 0.9土0.3(0.2)
ts n. s. P<O.Ol p<O.OOl p<O.OO1 
ts : significance of the difference by t test 
持 Mean土SD(2SE) 
n.s.: not significant (P<0.05) 




に有足立 (p<O.01)の振慌の低下を示した (Table4， 
Fig. 3). 
m辺らめは， deuteranopeとdeuteranomalを合
む21名の deutan症例で ERP長 2の平均振胞は 520
nm以下の短波長城で，正常者lと比べて高度に有意
( p<O.Ol)に低下したことを最近報告している.こ










はredconeは少なく greencone は多く，一方5t~2 
色党呉常者では gr巴enconeは少なく redconeは
多いとの仮説を提唱した.すなわち，前者では mis-
sing coneの redconeがgreencone 1乙，後者では

























96 (Table 3， Fig. 5)，第2色盲では 0.9:l0.396
(Table 4， Fig. 5)といずれも高度に有怒 (p<
0.001)の増大ないし減少を示した.当然第1色盲と第
2色gの青/告示振幅比lζ三きがある ζとが判IYjしたわけ























p < 0.001 
。
告口rmol Prot口nopes Deuter口nopes
controls <12 eyes) <12 eyes) 
(20巴yes)
Fig.5. Comparison of the mean r乱tios(必)








赤色1)とj光 ERP に対する1~j色閃光 ERP の平均援隠
比は，お1色古ならびに第2色盲において，正常者と
比べて，それぞれ高rtに有志¥(P<O.OOl)の増大ない
し減少を示した. 2 色翠色~rtg~常者においては， 73色
!幼¥:;ERP í長沼/赤色I)~:)\:; ERP荻招比は protanと
deutanの他党的決山のための一つの新しい指お?とし
て，~:;l刻印有'Tfj伎を有することを述べた.
f邑dflash ERP amplitud巴 (meanblue/四 d 本論文の袋日は~~89回日本 iìH科学会総会(1985) ，第
amplitude ratios) betwe巴nthe normal 23団関係凶床続党む気生J1Jl学会 (1985)1こおいて発表
controls and subject patients with した.
dichromatism 
Each bar indica t邑s2 standard errors of 
the mean. Each p value was obtained 














12 名の 2 色党E~t，品者 Gi~ll0，n‘6例 12!民，ti'j 
2色百6{9IJ 12 ruDを対立と!こ，本十;i記殺の訟IJ定条件:下で
は 3 穏のi~fr {íl(i;~IlJl[g外 Íil:i EB えとの色?とiiilJìtk. ERP 測定を手
段として，件以光色;誌の勤怒を検索した.赤色閃光
ERP Ffj{こは No.23 A (波長特i":570 nm 以J二巡~)，
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